Abstract
examine the sexual dimorphism of footprint dimensions in adults of an Indian Bengali sample and determine the sex from those measurements.
The study was done on 100 adult volunteers of ethnic Bengali origin of West Bengal. Footprints were taken on glossy paper with blue stamp pad ink, and then measurements were taken to the nearest mm. Discriminant function analysis was conducted using several linear measurements, and discriminant function was obtained. Sex determination was successful in 82.0% of the samples.
This study provides useful baseline morphometric data of footprints of the Indian Bengali population, which will aid in forensic investigations.
Indian Bengali sample and determine the sex from those measurements by discriminant function analysis (DFA).
Materials and Methods
The study was done on 100 adult volunteers of ethnic Bengali origin of West Bengal, India. After obtaining informed consent, their static weight-bearing [9, 10] footprints were taken on white A4 size glossy printing quality paper with blue stamp pad ink. Firstly, the feet were cleaned and wiped dry. The volunteers were then asked to smear blue ink on the plantar aspect of the foot. Footprints were then taken on white paper, marked and preserved for measurement. Foot measurements were taken using a standard technical quality stainless-steel scale to the nearest mm. One observer took the measurements twice at a gap of seven days and the mean was recorded. Prior to this, a paired t-test was conducted to test intra-observeragreement. Furthermore, 20 random cases were measured by two authors and inter-observer agreement was tested by Cohens Kappa test. This was done for all the variables to ensure repeatability of the measurements. Bilateral measurements were also taken but only the left side was used in the analysis according to the principle of "non-dominant" foot. This approach was adopted after reviewing the literature on bilateral asymmetry of feet and issues in selection of feet for barefoot print analysis [5] [6] [7] [8] 10] . The following measurements were used in the present study ( Figure- 
Introduction
A footprint is the impression left by a foot after being placed on a surface. The nature of the impression is dependent on various functional, morphological and structural aspects of the foot. The pressure distribution depends on the angle of the step and arch of the foot. It is also attributed to the weight of an individual and any anatomical deformation they might have e.g. cavus foot type, hallux valgus, and toe deformities. In addition, some medical conditions like diabetic foot affect pressure distribution. All these factors may differ in males and females and thus produce relative differences in footprint dimensions. Several studies clearly indicate the existence of sexual dimorphism in footprint morphology and morphometry [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Determination of stature [2] [3] [4] [14] [15] [16] and sex [17] [18] [19] with the foot or footwear that requires knowledge of the functioning foot" [4] . Pioneering work and extensive research in forensic podiatry has been done by Burrow [5] [6] [7] [8] in the recent past.
The objectives of the present study are to examine the sexual dimorphism of footprint dimensions in adults of an Determination of Sex from Footprint Dimensions in Contemporary Indian Bengali Population: A Pilot Study ered significant. Discriminant functional analysis was performed to predict sex from a combination of the above linear measurements. The discriminant function was obtained and a cut-off score was used to allocate sex. Statistical analysis was done using SPSS 17 for windows.
Results
In the present study, a sample of 100 adult footprints, 47 male and 53 female, were analyzed. The summary of univariate and multivariate analysis is shown in Table- 1.
It was observed that the footprints were larger in males regarding all the five variables used in the study. Table-2 shows the result of test of equality of means.
Discriminant function analysis was performed using five variables (F1, F2, F3, F4, and F5) as predictors of sex.
All the variables were entered together. The predictors were the linear dimensions of the foot, namely F1 through F5. The classification groups were male and female. One discriminant function, calculated with Wilks' Lambda was equal to 0.46, chi square (χ2) equal to 73.536, degree of freedom 5 and p-value of.000. Because p-value was less than 0.05, we could say that the model was a good fit for the data (Table-3 The standardized canonical coefficients and the structure weights revealed that all of the five variables contributed to the multivariate effect (Table-2 The measurements are specific for race and sex.
F1, Length from the pternion (A) to B the most anterior point of toe 1; F2, Length from the pternion (A) to C the most anterior point of toe 2; F3, Length from the pternion (A) to D the most anterior point of toe 3; F4, Length from the pternion (A) to E the most anterior point of toe 4; F5, Length from the pternion (A) to F the most anterior point of toe 5.
DFA is a statistical method wherein a combination of several continuous variables is used to differentiate between two or more natural groups. This helps in building a classification model to predict the outcome from a set of independent variables. In the present investigation, the foot dimensions were used to predict the sex of the individual.
Discriminant functions are race and population specific.
DFA have been used earlier to successfully determine sex from skeletal remains in the Indian Bengali population, primarily from the sternum [20] , hyoid [21] , clavicle and fragmentary hip bones [22] [23] [24] . Recent studies on Western
Australians [17] and Turks [18] reported that using DFA, 79.5%-89.5% and 66.7%-82.4% of individuals could be respectively classified using their footprint dimensions.
The footprint dimension that yielded the highest accuracy of sex discrimination varied from the longest toe [19] to the third toe (T3) [19] in different populations. Another recent work from Ghana [19] revealed that stepwise DFA correctly classified 80.3% and 77% of cases into their sex groups using left and right footprints, respectively. The present investigation showed 82% correct classification of sex from footprints in an Indian Bengali population. The results are similar to earlier works on other populations.
All the dimensions of feet were larger in males than in females, as seen in the present series. This difference in linear measurements was statistically significant. This is also in concurrence with reports from earlier works, [17] [18] [19] .
A study on a Ghanaian population reiterated that the most accurate discriminant functions were produced by T5
and breadth at heel using left and right footprints, respectively. Our results showing F1 as the best predictor is, however, different from previous studies.
Furthermore, an automated model has been proposed The present investigation, however, has some limitations that need to be addressed in future studies. Firstly, the sample size comprised only 100 adult subjects. Secondly, only linear measurements were taken along the longitudinal axis and the width, but heel dimensions were excluded.
The angle of step and the pressure distribution of the plantar surface was not considered in the present investigation.
As the anatomy of the foot is complex, more variables are needed to be investigated in later broad-based studies to 
Conclusion
Population specific discriminant functions are appropriate for the determination of sex from footprint dimensions. The present study contends that DFA can be successfully used to predict sex from linear measurements of footprints in the Indian Bengali population. In the present study, 82.0% of the cases could be correctly classified into their proper sex from the five foot measurements taken from footprints. This will have extensive forensic and anthropological use when applied to a particular population.
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